Syllables are often considered to be central to infant and adult speech perception. Many theories and behavioral studies on early language acquisition are also based on syllable-level representations of spoken language. There is little clarity, however, on what sort of pre-linguistic "syllable" would actually be accessible to an infant with no phonological or lexical knowledge. Anchored by the notion that syllables are organized around particularly sonorous (audible) speech sounds, the present study investigates the feasibility of speech segmentation into syllable-like chunks without any a priori linguistic knowledge. We first operationalize sonority as a measurable property of the acoustic input, and then use sonority variation across time, or speech rhythm, as the basis for segmentation. The entire process from acoustic input to chunks of syllable-like acoustic segments is implemented as a computational model inspired by the oscillatory entrainment of the brain to speech rhythm. We analyze the output of the segmentation process in three different languages, showing that the sonority fluctuation in speech is highly informative of syllable and word boundaries in all three cases without any language-specific tuning of the model. These findings support the widely held assumption that syllable-like structure is accessible to infants even when they are only beginning to learn the properties of their native language.
Introduction
Theories of early language acquisition often assume that infants perceive speech in terms of syllabic units, even before they can extract the words of their native language. For instance, many artificial language learning experiments have been conducted using stimuli whose statistics are manipulated at the syllabic level and where the success in word learning is measured in terms of the learner's ability to capture statistical regularities connecting adjacent (Saffran, Aslin, & Newport, 1996) or non-adjacent (Newport & Aslin, 2004) syllables. Similarly, studies on artificial grammar learning have often used syllables as the representational level upon which the grammar operates (e.g., Gomez & Gerken, 1999; Marcus, Vijayan, Bandi Rao, & Vishton, 1999) . The authors of these early behavioral studies were careful not to specify any specific type of representation underlying the statistical or rule-like computations capturing the syllable-level manipulations, simply referring to "statistical cues" and "speech sounds" (e.g., Saffran, Johnson, Aslin, & Newport, 1999; Saffran et al., 1996; Thiessen & Saffran, 2003) , or "rules" and "variables" (Marcus et al., 1999) . Nevertheless, later research has adopted the concept of syllable as a representational unit for pre-linguistic speech more explicitly (e.g., Frank, Goldwater, Griffiths, & Tenenbaum, 2010; Gambell & Yang, 2006; Meylan, Kurumada, Börschinger, Johnson, & Frank, 2012; Perruchet & Tillman, 2010; Perruchet & Vinter, 1998; Swingley, 2005 ; see also Swingley, 2005, for a related discussion). For example, both SARAH (Mehler, Dupoux, & Segui, 1990) and WRAPSA (Jusczyk, 1993; see also Jusczyk & Luce, 2002) models of early speech perception assume that infants are capable of segmenting speech into syllable-like segments before further phonological and lexical analysis. Many Bayesian models of word segmentation also assume that syllable boundaries and identities are known as precursors to word recognition (Doyle & Levy, 2013; Phillips & Pearl, 2012) .
The general approach of assuming syllables is consistent with empirical findings suggesting that infant speech perception is better characterized in terms of syllabic frames than phonemic segments (Bertoncini, Bijeljac-Babic, Jusczyk, Kennedy, & Mehler, 1988; Jusczyk, Bertoncini, Bijeljac-Babic, Kennedy, & Mehler, 1990; Jusczyk & Derrah, 1987; Jusczyk, Kennedy, & Jusczyk, 1995) and of holistic rather than analytic representations (Dupoux, 1993; see Hallé and Christia (2012) , for an overview).
1 But despite this belief in the importance of syllables in language acquisition, adult-like syllabification depends on knowledge of phonological structure and of the specific language being used, neither of which is available to a child in the early stages of language acquisition. Existing developmental research has not been clear on what
